While it is widely recognized that additional costs due to rework can have an adverse effect on project performance, limited empirical research has been done to investigate the influencing factors. The research presented in this paper aims to determine the influence of different project types and procurement methods on rework costs in construction projects. Using a questionnaire survey, rework costs were obtained from 161 Australian construction projects. The direct and indirect consequences of rework are analyzed and discussed. It is shown that, contrary to expectation, rework costs do not differ relative to project type or procurement method. In addition, it was found rework contributed to 52% of a project's cost growth and that 26% of the variance in cost growth was attributable to changes due to direct rework. To reduce rework costs and therefore improve project performance, it is posited that construction organizations begin to consider and measure them, so that an understanding of their magnitude can be captured, root causes identified, and effective prevention strategies implemented.
Introduction
The doctrine of time is money appears to be well entrenched in the psyche of almost all construction industry clients. To satisfy the requirement of time ͑completion on time or earlier͒ a plethora of nontraditional procurement methods have emerged in the marketplace, which has resulted in design and construction schedules being compressed and construction commencing before the final design is complete ͑Hanna et al. 1999͒. As design and construction time is compressed, the degree of overlap ͑which will be referred to as concurrency͒ between activities increases, which in turn increases project complexity as activities are subdivided into trade packages. Hoedemaker et al. ͑1999͒ suggest that there is a limit to the number of tasks that can be undertaken in a concurrent manner. Beyond this specified limit, the probability of rework occurring as well as time and cost overruns being experienced significantly increases. Primarily this is due to the complexities associated with communication and coordination of a large number of tasks undertaken in a concurrent manner ͑Love et al.
2000a͒.
The problems associated with concurrency are exacerbated by time pressure, especially when rework occurs, and can accumulate as the data of project completion is approached. In an effort to meet the project's scheduled completion date, design and construction firms may have to employ additional resources. Such actions may lead to the opposite of the desired effect. That is, pushing beyond the limits of effective concurrency increases complexity, and this can increase the time to complete tasks ͑Brookes 1975͒. Considering these issues, nontraditional methods may in fact be subject to higher rework levels than traditional methods, especially when errors, omissions, and/or changes occur. Moreover, under traditional methods, design and documentation are supposed to be complete, or largely complete, before construction commences on-site, so in theory there should be less rework attributable to design-related sources.
With this notion in mind, the primary objective of the research reported in this paper is to determine the influence different procurement methods and project types have on rework costs in projects. Using a questionnaire survey, rework costs from 161 Australian construction projects were obtained. From this survey, rework costs and their impact on project cost and schedule are analyzed and discussed. While the research was conducted in an Australian context, it is envisaged that the research outcome would be widely applicable in other locations. Prior to the presentation of the research, a brief review of the costs of rework in projects is presented.
Rework Costs
Various interpretations of rework can be found in the construction management literature. For example, terms such as quality deviations ͑Burati et al. 1992͒, nonconformances ͑Abdul-Rahman 1995͒, defects ͑Josephson and Hammarlund 1999͒, and quality failures ͑Barber et al. 2000͒ are often used, though these definitions vary. Ashford ͑1992͒ defines rework as ''the process by which an item is made to conform to the original requirement by completion or correction.'' The Construction Industry Development Agency ͑1995͒, however, defined rework as ''doing something at least one extra time due to nonconformance to requirements.'' Essentially, rework can result from errors, omissions, failures, damage, and change orders throughout the procurement process ͑Love et al. 1999; Love and Li 2000b͒.
Josephson and Hammarlund ͑1999͒ reported that the costs of residential, industrial, and commercial building projects range from 2 to 6% of their contract values. Similarly, Love and Li ͑2000b͒ in their study of rework costs for a residential and industrial building found the costs of rework to be 3.15 and 2.40% of contract value, respectively. In addition, Love and Li ͑2000a͒ found that when a contractor implemented a quality assurance system in conjunction with an effective continuous improvement strategy, rework costs were found to be less than 1% of the contract value.
The costs of quality deviations in civil and heavy industrial engineering projects, however, have been found to be significantly higher. Burati et al. ͑1992͒ studied nine major engineering projects to determine the cost associated with correcting deviations to meet specified requirements. The results of their study indicated that, for all nine projects, quality deviations accounted for an average of 12.4% of the contract value. A significantly lower figure was reported by Abdul-Rahman ͑1995͒, who found nonconformance costs ͑excluding material wastage and head office overheads͒ in a highway project to be 5% of the contract value. Abdul-Rahman ͑1995͒ specifically makes the point that the nonconformance costs may be significantly higher in projects where poor quality management is implemented. Notably, Nylén ͑1996͒ found that when poor quality management practices were implemented in a railway project, quality failures were found to be 10% of the contract value. Nylén ͑1996͒ further found that 10% of the quality failures experienced accounted for 90% of their total cost. Here, significant proportions ͑76%͒ of the quality failures were attributable to design-related issues, such as erroneous documentation and poor communication between project team members.
As mentioned above, rework can also originate from change orders ͑Knocke 1993; Love and Li 2000b͒. However, the extent to which change orders contribute to rework costs remains relatively unexplored. Research undertaken by Zeitoun and Oberlander ͑1993͒ found that the median costs of change orders for 71 fixedprice projects were 5.3% of the contract value and 6.8% for 35 cost reimbursable projects. Similarly, research undertaken by Cox et al. ͑1999͒ in the U.K. revealed that the costs of design-related change orders could range from 5 to 8% of the contract value, even when projects are managed effectively, as most of the changes are initiated by clients. The costs of change orders in the research reported by Zeitoun and Oberlander ͑1993͒ and Cox et al. ͑1999͒ are similar to the rework costs previously reported. A degree of change can be, and to a certain extent, should be expected in construction, as it is difficult for clients to visualize the end product that they procure. However, almost all forms of rework ͑with the exception of that caused by weather͒ are preventable, since poor management of the design and construction process typically causes such costs to occur.
Research Methodology
The research presented in this paper is part of a wider study that sought to determine the influence that project attributes, organizational management practices, and project management practices have on rework costs in construction projects. For the purposes of the research presented in this paper, rework is defined as ''the unnecessary effort of redoing a process or activity that was incorrectly implemented the first time.'' Rather than developing a questionnaire survey that sought respondents' general opinions about rework, the writer asked respondents to select a recently completed project most familiar to them and to subsequently answer questions about the perceived causes of rework, associated costs, and project management practices implemented. In essence, each project was treated as a separate case. In examining rework costs experienced in the projects sampled, the following two hypotheses were addressed: 1. There are significant differences in rework costs with varying procurement methods for construction projects; and 2. There are significant differences in rework costs for varying types of construction projects.
Questionnaire Survey
Stratified random sampling was used to select the study sample from the telephone directory ''Yellow Pages.'' In addition to increasing the representativeness of samples, stratified random sampling was a useful technique that made general statements about the portions of the population possible. Prior to determining the sample size for the main study, a pilot survey was undertaken with 30 selected firms, which comprised architects, project managers, and contractors from the Geelong and Melbourne region, in the state of Victoria. This was undertaken to test the potential response rate, suitability, and comprehensibility of the questionnaire. Each firm was contacted by telephone and informed of the aims of the research. On obtaining their consent, the questionnaire was mailed, with a stamped addressed return envelope enclosed, for respondents' returns, comments, feedback, and completion. The respondents were also asked to critically review the design and structure of the survey. All comments received were positive, and as a result the questionnaire remained unaltered for the main survey. A total of 25 responses were received in the pilot survey, which equates to a response rate of 83%. The composition of respondents that returned the questionnaire was architects ͑30%͒, contractors ͑50%͒, and project managers ͑20%͒.
In the main survey, 70 questionnaires were mailed to each of the aforementioned categories of respondents throughout Australia, which equates to a total of 420 questionnaires distributed. One hundred thirty-six valid responses were received from the main survey. As the pilot questionnaires required no changes, they were added to the sample, which resulted in 161 valid responses representing a total consolidated response rate of 36%. This response rate is considered acceptable for a survey focusing on gaining responses from industry practitioners ͑Alreck and Settle 1985͒. Fig. 1 provides a breakdown of the valid responses by respondent type. Contractors, architects, and consultant project managers accounted for approximately 81% of the respondents. While quantity surveyors ͑QSs͒ and structural, mechanical, and electrical engineers appear to be underrepresented; it should be noted that many consultancy firms offer project management services and as a result may have undertaken a role of project manager for a project that they selected.
As the response rates from the QSs and the engineering profession were low, the respondents were recategorized under the following headings for analysis purposes:
• Design consultants, which comprised architects, QSs, and structural, mechanical, and electrical engineers ͑44%͒; • Contractors ͑33%͒; and • Consultant project managers ͑23%͒.
Data Reliability
Data reliability is related to data source and the identification of the position held by the person who completed the questionnaire ͑Oppenheim 1992͒. Thus, as it was important that the personnel who had detailed knowledge about the procurement processes associated with a project answered the questionnaire, it was mailed to the senior personnel within the organizations identified. Whether they actually answered the questionnaire was impossible to determine, except in circumstances where respondents optionally supplied their details at the end of the questionnaire.
From the 161 questionnaires used in the research, 87 respondents provided their business details, and many held senior positions within their organizations. Based on the position titles of the respondents, the direct mailing to individuals in organizations seemed to have achieved its objective of reaching those who were closely involved with delivering construction projects. In addition, the questionnaires were mailed to organizations in different states in Australia, which minimized the duplication of selected projects. Fig. 2 provides a breakdown by state of the respondents who answered the questionnaire. Considering the number of construction projects being undertaken in Australia at any given time, the likelihood of the respondents selecting the same project was significantly reduced because of the diversity of data sources from each state.
Method and Data Analysis Justification
The respondents were asked to provide the following details:
• Project and facility type, • Gross floor area ͑GFA͒, In addition, estimates of direct and indirect rework costs that occurred during the project's construction were also sought. Procurement and tendering methods and project and facility types were measured on a nominal scale, while the other variables were measured on a ratio scale. Respondents were also asked to provide general comments at the end of the questionnaire with respect to the sources and causes of rework in their selected project. The data collected were analyzed using the Statistical Package for the Social Sciences for Windows, Version 9.00. Descriptive statistics were used to determine the central tendency and dispersion ͑mean and standard deviation͒ of the data. Such descriptive analysis provided a frame of reference for using appropriate inferential statistical techniques.
In order to test the associations of the variables that were measured on a ratio scale with the rework costs, Pearson's parametric correlation was computed, and this approach enabled those variables with significant correlation at the 95 and 99% significance intervals to be identified. As well as determining the relationships between the variables, a one-way analysis of the variance ͑ANOVA͒ was used to test for significant differences between rework costs for different procurement methods and project types. Moreover, to identify where any differences between samples lie, a Tukey's post hoc test was used.
Analysis and Discussion

Project and Facility Type
A variety of project and facility types and procurement and tendering methods were identified in the survey. Tables 1 and 2 present a summary of project and facility types and the respective procurement methods used to deliver projects obtained from the survey data. Table 1 shows that traditional lump sum methods were typically used to procure new build ͑44.4%͒ and refurbishment projects ͑72%͒, whereas construction management methods tended to be used to procure fit-out projects ͑42.9%͒. New build project types accounted for 56% ͑90͒ of the total number of projects ͑Table 2͒. Refurbishment and renovation projects were found to be the second most popular type, accounting for 26% ͑43͒ of the total projects. Table 2 indicates that respondents were involved in the procurement of a variety of facility types. The most popular facility types were commercial offices ͑13.7%͒, residential buildings ͑13%͒, and hospitals/health ͑12.4%͒.
Procurement and Tendering Methods
From the sample of 161 projects, the most popular procurement methods used to deliver project types were traditional lump sum ͑52.2%͒, design and build ͑19.9%͒, and construction management ͑16.1%͒. Previous research undertaken by Love et al. ͑1998b͒ , which examined procurement selection among clients and consultants, found that these forms of procurement methods were also predominant in the marketplace. Similarly, traditional lump sum methods are also the most popular forms of procurement in many other Commonwealth countries such as Malaysia ͑Hashim Traditional methods of procurement have been heavily criticized for their sequential approach to project delivery, as they have contributed to the so-called ''procurement gap'' whereby design and construction processes are separated from one another ͑Love et al. 1998a͒. As a result, Love et al. ͑1998a͒ suggest that behavioral, cultural, and organizational differences between project individuals and groups often prevail. In addition, the procurement gap ͑between design and construction͒ is considered to inhibit communication, coordination, and integration among project team members and can adversely affect project performance ͑Lahdenperä 1995; Evbuomwan and Anumba 1996͒.
Nontraditional methods such as design and build and construction management have been advocated as methods for overcoming some of the problems inherent in traditional methods ͑NEDO 1988; Turner 1990; Masterman 1994͒, yet it would appear from these findings that their use is minimal ͑Table 2͒. Sharif and Morledge ͑1997͒ provide a plausible explanation for the ubiquitous use of traditional methods by stating that most construction clients are small and occasional and therefore only ever build once or twice. Thus, an architect is typically the first point of contact for these clients and their advice is heavily relied upon ͑Mackinder and Marvin 1982; Sharif and Morledge 1997͒. Consequently, it is often in the interest of the architect to persuade the client to use a traditional method, as they can take a lead role in the project as well as maximize his or her fees. Traditional methods can provide clients with cost certainty, whereas design and build and construct management methods are often used when the pressure of early completion is imposed on the project ͑Holt et al. 2000͒ . Table 3 indicates that single-stage tendering was the most popular tendering method ͑52%͒, then negotiation ͑32%͒, and finally two-stage tendering ͑16%͒. No other forms of tendering were identified as being used in the procurement of the 161 projects. Notably, single-stage tendering was predominantly used in conjunction with traditional methods, whereas negotiated types tended to be used more with nontraditional methods such as de- tender values when using negotiated forms of tendering will be explored using the ANOVA test. Thus, cost growth-the divergence between original and actual contract value on completion-was identified as the dependent variable and tendering type the independent variable. Levene's test of homogeneity of variances was not violated ( pϽ0.05), which indicates that the population variances for tendering method were equal. The ANOVA revealed no significant differences between each tendering method for cost growth, F(2, 158)ϭ0.631,pϽ0.05.
Selective competition places emphasis on lowest cost, and when Bills of Quantities are included, cost certainty and quality can be achieved ͑Bresnen et al. 1988͒. However, according to Watkinson ͑1992͒, traditional methods tend to perform poorly in terms of time. In stark contrast, however, the findings reported above clearly indicate that there is no difference between procurement methods in terms of their schedule growth. Accordingly, Walker ͑1994͒ also found that procurement methods do not influence the time performance of projects. Fig. 3 identifies the number of projects by contract value. The contract values for the projects were found to range ͑in Australian dollars͒ from $A25,500 to $A390,000,000 ͑mean (M ) ϭ$A25,521,927, standard deviation (SD)ϭ$A51,957,899͒. Likewise, the contract duration ranged from 2 weeks for a retail fit-out to 450 weeks for an airport terminal ͑M ϭ66 weeks, SD ϭ46 weeks͒. The gross floor area ͑GFA͒ for the 161 projects used in the analysis was found to range from 116 m 2 for a fit-out project with a contract value of $A25,500 to 238,000 m 2 for a new build airport terminal with a contract value of $A390,000,000 ͑M ϭ13,583 m 2 , SDϭ23,617 m 2 ͒. Surprisingly, the fit-out project was estimated to have experienced rework costs of 12% ͑10% direct plus 2% indirect͒, whereas the airport terminal experienced only 2% rework costs ͑direct only͒. In determining whether there was a significant relationship between GFA and rework costs, Pearson's ͑r͒ correlation was computed ͑Table 4͒. The correlation for the data revealed that GFA and number of storeys were not significantly related to rework costs.
Project Size
Cost and Schedule Growth
Construction projects are notorious for running over budget and time ͑Hester et al. 1991; Zeitoun and Oberlander 1993; Ibbs and Allen 1995͒. Change orders have been found to be a major contributor to time and cost overruns ͑Jahren and Ashe 1990͒, yet the impact that rework has on the cost and time performance of projects remains unexplored in the construction management literature. Hence, respondents were asked to provide the following details so that cost and schedule growth could be calculated for each project: • Original contract value, • Project's expected duration in weeks, • Actual contract value on practical completion, and • Actual construction period. Cost and schedule growth for each project was calculated using the following formula ͑Zeitoun and Oberlander 1993͒:
where CGϭpercentage cost growth; SGϭpercentage schedule growth; CVPϭcontract value on practical completion; OCV ϭoriginal contract value; ACPϭactual construction period ͑weeks͒; and OCPϭoriginal construction period ͑weeks͒. Table 5 displays the mean cost and schedule growth experienced for projects delivered using different procurement methods. Figs. 4 and 5 denote the aggregate distributions of cost (M ϭ12.6%,SDϭ24.22%) and schedule growth (M ϭ20.7%,SD ϭ28%) for the 161 projects. The maximum cost growth was 244% and the minimum Ϫ84%, which results in a range of 328%. Moreover, the maximum schedule growth was 144% and the minimum Ϫ29%, which results in a range of 170%.
It is evident from the findings presented above that cost and schedule overruns in projects were a common occurrence and that the degree of overrun varied significantly among projects. Nevertheless, is there a difference between procurement methods for cost and schedule growths? An ANOVA test was used in this instance to test for differences. Levene's test of homogeneity of variances was found not to be violated ( pϽ.05), which indicates that the population variances for each group of the procurement methods for cost and schedule growth were equal. The ANOVA, however, revealed that there were also no significant differences between procurement methods and cost growth, F(9,151) ϭ0.217, pϽ0.05. Nor is there any significant difference in schedule growths, F(9,151)ϭ1.553, pϽ0.05.
The respondents were asked to estimate the direct cost of rework for the project they selected. The estimate provided by the respondents was then expressed as a ratio of cost growth so that the ''rework as a percentage of cost growth'' for each project could be determined. Fig. 6 displays a summary of direct ''rework costs as a percentage of cost growth'' (M ϭ52.1%,SD ϭ88.9%).
While the mean cost growth for the projects was found to be 12.6%, rework contributed to 52.1% of the cost growth, with factors such as weather, industrial relations, and client/end-user change orders contributing to the remaining 47.9%. Clearly, reductions in rework significantly improve the cost performance of projects. Noteworthy, however, there were cases that experienced high direct rework costs ͑Ͼ10%͒ but came in under budget and experienced negative cost growths. In testing whether there was a significant relationship between cost growth and rework, Pearson's ͑r͒ correlation was computed ͑Table 4͒. The correlation coefficients for the data revealed that cost growth and direct rework were significantly related, rϭϩ0.51, nϭ161, pϽ0.01, two tails and r 2 ϭ0.26 ͑26%͒. Similarly, indirect rework was also significantly related to cost growth, rϭϩ0.25, nϭ161, pϽ0.01, two tails and r 2 ϭ0.06 ͑6%͒, though it should be noted that Hinkle et al. ͑1988͒ recommend that a correlation of 0.70 to 0.90 be considered high and 0.50 to 0.70 moderate. This ''rule of thumb'' was recommended because the r-value is used to derive the value for r 2 , which indicates that one variable can be predicted by changes in another. Thus, 26% of the variance in cost growth can be attributable to changes due to direct rework.
The correlation analysis, presented in Table 4 , also reveals that schedule growth and direct rework costs are significantly related, rϭϩ0.38, nϭ161, pϽ0.01, two tails and r 2 ϭ0.15 ͑15%͒. However, the r 2 is low, which indicates that only 15% of the variance in scheduled growth can be predicted by changes due to direct rework. While this is a surprising finding, a detailed examination of the project data revealed that 27% of projects were delivered on or ahead of time despite experiencing cost increases due to rework. Once rework occurs, projects can be accelerated and resources reallocated to compensate for any delays that may arise, though this may be costly in dollar terms, especially if the rework influences the projects' critical path.
The occurrence of rework will invariably result in the contractors reevaluating their project schedules, as delays have the potential to lead to liquidated damages being incurred. If a delay occurs due to rework and the contractor is not responsible for it, then an extension of time or acceleration costs may be awarded, though this will depend on the type of delay and how it impacts the critical path. The reevaluation of a project schedule may well require project teams to work together to solve problems that may arise as a result of the rework. In doing so, they may identify alternative construction sequences and/or methods that can be used to complete the project on or ahead of time.
Rework Costs
The questionnaire survey asked the respondents to provide an estimate of the direct and indirect costs of rework that occurred in the project selected. Rework costs are very rarely, if ever, mea- The total rework costs were calculated by adding the direct and indirect estimates provided by the respondents. Fig. 7 identifies the mean and standard deviation of total rework costs for the 161 construction projects (M ϭ12.0%,SDϭ13.56%). Figs. 8 and 9 display the distribution of the respondents estimates for direct (M ϭ6.4%,SDϭ7.78%) and indirect (M ϭ5.6%,SDϭ7.19%) rework costs. Though it was surprising to find that respondents considered indirect costs to be similar in amount to direct costs, especially as Love et al. ͑2000c͒ have shown indirect rework costs can have a cost-multiplier effect as much as five times the actual ͑direct͒ cost of rectification.
The total costs of rework have been found to vary considerably among projects. Some respondents reported rework costs to be less than 1% of a project's original contract value, while others have reported them to be as high as 80%. The degree of variability in the estimates given by the respondents suggests that many respondents may be unsure about the actual costs of rework incurred in the projects. The mean estimates of practitioners' rework costs that were perceived to have been incurred in their selected projects are presented in Table 6 .
To test whether there were significant differences between the estimates of the respondents for rework costs ͑direct and indirect͒ an ANOVA was undertaken. The descriptive statistics revealed differences between the design consultants ͑M ϭ8.0%,SD ϭ9.3), contractor (M ϭ5.8%,SDϭ7.2%), and project manager (M ϭ4.3%,SDϭ3.9%) in their estimates of direct rework costs.
Levene's test of homogeneity of variances was violated ( p Ͻ0.05), which indicates that the population variances for each respondent type were not equal. The ANOVA revealed significant differences between respondents' estimates of direct rework costs, F(2,158)ϭ3.028, pϽ0.05. The results of Tukey's HSD post hoc test indicated that the differences identified in the estimates for direct rework costs were between design consultants and project managers ( pϽ0.05).
Consultant project managers typically act as the client's representative for projects and thus would possess reasonable knowledge to be familiar with the direct rework costs ͑in the form of change orders and defects͒, as they invariably manage time and cost schedules. Project managers, however, may not be aware of the direct rework costs associated with redocumenting aspects of the project after clients have requested design changes and/or omissions. While client involvement in projects has been identified as a factor that can contribute to project success ͑Walker 1994; Chan 1996; Love et al. 1998b͒ , their involvement may also lead to rework. For example, drawing on the qualitative comments provided by the respondents, a project manager stated that the ''client was a decision-maker and actively involved in construction, resulting in scope and design changes throughout the construction.'' This in turn can lead to design consultants having to redocument or provide additional documentation, which can significantly affect their fee, as they are often not reimbursed for this service ͑Tilley and McFallan 2000͒.
Several design consultants articulated this point, with one stating that ''reworking of documentation is becoming a common occurrence on projects, which is not reflected in our fee.'' Another design consultant stated that ''a lot of rework had to be done on the documentation to reduce the scope of packages or substitute materials in an attempt to get the project within the budget.'' Redocumentation due to design changes and omissions initiated by clients and end-users appears to be a regular occurrence in Australian projects ͑Love et al. 2000b; Tilley and McFallan 2000͒ . Acknowledging this endemic practice, a design consultant stated Rework is an occurrence that consultants try hard to avoid because it can potentially lead to cost increases, which we are often not paid for. So the tendency, therefore, is to hold back on committing resources until all the information required to complete the task is available. Rework, nevertheless, often occurs and can usually be put down to poor planning or devoting of insufficient time to the planning and design before commencing construction. The allocation of resources and planning of the documentation process are important points that need to be addressed if rework is to be reduced ͑Love et al. 2000a͒. Yet understanding why there are differences in the estimates of direct rework costs is a major research task in itself and thus worthy of further investigation. However, it would appear that consultant project managers might not fully understand how changes/omissions could affect the performance of design consultants ͑particularly the way in which they manage the documentation process͒ and as such explain the differences in the estimates for direct rework costs. The descriptive statistics revealed differences between the design consultants (M ϭ6.77%,SDϭ8.34%), contractors (M ϭ5.46%,SDϭ6.87%), and project managers (M ϭ3.64%,SD ϭ4.37%) in their estimates of indirect rework costs. Levene's test of homogeneity of variances was not violated ( pϽ0.05), which indicates that the population variances for each group were equal. The ANOVA test revealed no significant differences between respondents' estimates for indirect rework costs, F (2,158)ϭ2.364, pϽ0.05 . Noteworthy are the design consultants' estimates that are almost twice as much as those estimated by project managers, which again demonstrates the variability associated with rework cost estimates, albeit not for the same projects. For both direct and indirect rework costs, contractors' estimates are approximately midway between those of design consultants and project managers. This implies that contractors may well have a better understanding of actual rework as they invariably operate at the interface between design and construction.
When respondents were asked to compare the rework costs of their selected project with others with which they had been involved, 12% stated that they were comparable ''to a very large extent,'' 16% ''to a large extent,'' 37% ''to some extent,'' 26% ''to a minor extent,'' and 9% ''not at all.'' The mode was found to be ''to some extent,'' and thus it can be concluded that the estimated rework costs reported are generally representative of industry practice in Australia. The rework costs found from this research appear to be relatively comparable to previous studies ͑Davis et al. 1989; Burati et al. 1992; Abdul-Rahman 1995; Nylén, 1996; Josephson and Hammarlund 1999͒ . However, such studies, with the exception of Barber et al. ͑2000͒, fail to differentiate or acknowledge the distinction between direct and indirect costs. Thus, the mean rework costs ͑direct and indirect͒ reported are considered benchmarks that can be used to pursue best practice in the Australian construction industry. In order to make practitioners aware of the actual costs of rework, a system is needed that can capture and identify rework, such as that developed by Burati et al. ͑1992͒, Low and Yeo ͑1998͒ and Love and Li ͑2000b͒, so that appropriate prevention techniques can be identified and implemented in future projects. 624, pϽ0.05 . No Tukey HSD post hoc tests were performed for both direct and indirect rework costs because at least one procurement method category had fewer than two cases. Consequently, procurement methods were reclassified into traditional and nontraditional.
Rework Costs and Procurement Methods
So, to determine whether there was a difference between traditional and nontraditional procurement methods for rework costs ͑direct and indirect͒, a t-test was undertaken. Table 8 presents the mean and standard deviation for total rework costs for traditional and nontraditional methods, and the results of the t-test are presented in Table 9 . At the 95% confidence level, no significant difference in the total cost of rework was experienced in projects using different procurement methods. Therefore, it is concluded that rework costs do not significantly vary among procurement methods employed.
Rework Costs and Project Types
Refurbishment and renovation projects are considered prone to higher rework costs than new build projects because of the degree of uncertainty and complexity associated with the building work to be undertaken ͑Love and Wyatt 1997͒. In fact, NEDO ͑1988͒ and Naoum and Mustapha ͑1994͒ indicate that facility types are linked to the concept of complexity and thus have influence on project performance. The direct and indirect rework costs for the various project types sampled in this research can be seen in Table 10 . The ANOVA test was used to determine if there was a significant difference between project type and rework costs. Levene's test of homogeneity of variances for both direct and indirect rework cost was not violated ( pϽ0.05), which indicates that the population variances for each project type were equal. The ANOVA test revealed no significant differences between project types for direct rework costs F (4,156)ϭ0.489, pϽ0.05, indirect rework costs F(4,156)ϭ0.371, pϽ0.05, and total rework costs, F(4,156)ϭ0.824,pϽ0.05 . Considering the results of the ANOVA test, it is concluded that rework costs do not significantly vary among project types.
Conclusions
The research presented in this paper set out to determine if there were significant differences in rework costs for different project types and procurement methods. Data from 161 Australian construction projects were obtained through a questionnaire survey. It was revealed that traditional lump sum methods are the most popular forms of procurement used in Australia, despite calls for the adoption of more integrated methods, such as design and build. Considering this finding, cost certainty-an inherent feature of the traditional lump sum method-appears to be a key driver for clients. This does not, however, preclude clients from demanding earlier completion as well. Similarly, pressures to reduce the time to design and produce contract documentation under this method can be compressed to meet client demands. These client demands may influence the quality of contract documentation produced, as errors and omissions may emerge that can result in rework and thus cause cost and schedule overruns.
The cost and schedule growths for the projects sampled were calculated, and it was found that mean cost and schedule growths were 12.6 and 20.7%, respectively. While some projects recorded relatively high rework costs, others also experienced negative cost and schedule growths, which was an interesting and unexpected finding. This implies that the original contract period may have contained ''buffers,'' or items of work were deleted, or construction methods were altered ͑or a combination of all͒ so that the project could be delivered within budget and on time ͑or less͒.
The analysis revealed no significant differences between the cost and schedule growths on the projects sampled. In addition, cost and schedule growths were found to be significantly correlated with direct rework costs, which suggests that rework can adversely influence project performance. In examining this further, rework as a percentage of cost growth was calculated and found to amount to 52.1% of the total, so it can be concluded that rework can make a significant contribution to a project's cost overrun. Mean direct and indirect rework costs were found to be 6.4 and 5.6% of the original contract value, respectively. Nevertheless, rework costs were found not to vary significantly with project type and procurement method used. Yet there is a great need to reduce rework costs if projects are to improve their productivity and performance. In particular, the influences of an organization's management practices ͑eg quality and learning͒ and project management strategies on reducing rework costs should be examined. While this research has provided an insight into practitioners' estimates of rework costs, the ''actual'' costs still remain relatively unexplored in construction. 
